Objectives: Disturbances of neuroendocrine function, particularly the hypothalamo-pituitary-adrenal (HPA) axis, have been implicated in the pathophysiology of chronic fatigue syndrome (CFS). However, few studies have attempted to measure blood levels of pituitary or adrenal hormones across a whole 24-hour period in CFS, and those that did so have used infrequent sampling periods. Our aim was to assess 24-hour pituitary and adrenal function using frequent blood sampling. Methods: We recruited 15 medication-free patients with CFS without comorbid psychiatric disorder and 10 healthy control subjects. Blood samples were collected over 24 hours and assayed for cortisol, corticotropin (ACTH), growth hormone (GH), and prolactin (PRL) levels on an hourly basis during daytime hours (10 AM to 10 PM) and every 15 minutes thereafter (10 PM to 10 AM). Results: Repeated-measures analyses of variance were undertaken using hormone levels averaged over 2-hour blocks to smooth curves by reducing the influence of sample timing relative to secretory burst. For ACTH, there was both a main effect of group, suggesting reduced mean ACTH secretion in patients with CFS over the whole monitoring period, and a group-by-time interaction, suggesting a differential pattern of ACTH release. Post hoc analysis showed reduced ACTH levels in CFS during the 8 AM to 10 AM period. In contrast, there were no significant abnormalities in the levels of cortisol, GH, and PRL in patients with CFS over the full cycle compared with control subjects. Cosinor analysis found no differences in the cortisol circadian rhythm parameters, but the ACTH rhythm did differ, patients with CFS showing an earlier acrophase. Conclusions: Patients with CFS demonstrated subtle alterations in HPA axis activity characterized by reduced ACTH over a full circadian cycle and reduced levels during the usual morning physiological peak ACTH secretion. This provides further evidence of subtle dysregulation of the HPA axis in CFS. Whether this dysregulation is a primary feature of the illness or instead represents a biologic effect secondary to having the illness itself remains unclear.
INTRODUCTION

C
hronic fatigue syndrome (CFS) is a disabling condition characterized by severe fatigue of at least 6 months' duration and accompanied by other characteristic symptoms such as sleep disturbance, muscle pain, and impaired concentration (1) . Although its etiology remains by definition unexplained, emerging findings suggest that it is best understood as a multifactorial condition with a biopsychosocial underpinning.
Attempts to understand the means by which CFS is triggered and perpetuated are aided by experimental models in which symptoms can be provoked in healthy individuals. It is therefore of great interest that CFS-like symptoms, including fatigue, poor concentration, and sleep abnormalities, develop if circadian rhythms are disrupted experimentally or naturalistically by shift-working or jet-lag (2-7). Similar symptoms are also prominent in seasonal affective disorder in which the circadian clock may be phase-shifted (8 -10) . This observation has led to the possibility that CFS may be a condition associated with disturbances in endogenous circadian rhythms.
There is some support for this in CFS itself; most studied has been the hypothalamo-pituitary-adrenal (HPA) axis. MacHale et al. (11) demonstrated a significantly attenuated diurnal variation of serum cortisol in CFS, although the absolute concentrations at each time point were not significantly different compared with controls. Additionally, they found a significant relationship between the degree of diurnal variation in cortisol and measures of functional capacity. A similar finding of reduced diurnal variation seemed apparent in the study by Hamilos et al. (12) , primarily related to a significantly reduced peak cortisol value. Further support for this comes from the demonstration of a significant decrease in the early morning surge of cortisol in a small group of patients with CFS (13) . However, several other studies have not found significant changes in diurnal variation in the circadian rhythm of cortisol (14 -18) . Other circadian rhythms such as temperature seem to be essentially normal in CFS (19) , although one study did suggest a desynchronization of the temperature and melatonin rhythms (20) .
Another factor that has been widely studied in CFS is the integrity of neuroendocrine systems themselves, irrespective of alterations in circadian patterns. The balance of the evidence to date suggests that subtle neuroendocrine dysfunction may be present; more specifically, there may be disruption to the HPA axis resulting in lowered cortisol levels in at least a proportion of patients (21) . Furthermore, these changes may be related to symptomatology because pharmacologic reversal of the cortisol deficit leads to an improvement in symptoms.
However, we have recently highlighted the lack of studies that take unstimulated, serial measures of HPA axis hormones in CFS; indeed, the most detailed examination of plasma cortisol levels involved just 7 samples over a 24-hour period (21) .
Evidence relating to other hormonal systems is even less available. There is some evidence that basal release of growth hormone is reduced nocturnally in patients with CFS (22) but no assessments of growth hormone (GH) throughout a 24-hour cycle. One study of serial prolactin taken every 4 hours over 24 hours suggested a raised level at 4 AM (17) .
In summary, although there is some evidence to suggest that some symptoms associated with CFS can be provoked by altering circadian rhythms, and preliminary suggestions of altered circadian rhythmicity in CFS, there has not yet been a sufficiently detailed study of HPA axis circadian rhythms in CFS. Similarly, there have been few studies adequately assessing unstimulated, basal HPA axis function in CFS across the circadian cycle. Finally, there have been suggestions of nocturnal disruption of GH and prolactin (PRL) release, a finding requiring independent replication. Therefore, the aim of this study was to improve on the existing knowledge base in CFS by undertaking a detailed assessment of basal levels of pituitary and adrenal hormones over a full circadian cycle. To this end, we measured cortisol, corticotropin (ACTH), GH, and PRL over 24 hours with frequent sampling intervals. To control for the potential confounding effect of disorders such as depression and anxiety, which may also have neuroendocrine effects, we included only subjects who had CFS but were also free of psychiatric comorbidity. We also studied only subjects who were drug-free, given potential effects of medication on neuroendocrine systems.
Based on the previous data, we hypothesized that we would find evidence in CFS of lowered circulating cortisol and reduced ACTH output, and that these changes would be most prominent during the nocturnal and early morning hours, when physiological levels of the hormones are at their highest. Similarly, we expected to find reduced levels of GH nocturnally and increased PRL in patients with CFS. However, all of these hypotheses were necessarily tentative because of the scarcity of well-collected data.
MATERIALS AND METHODS Subjects
Twenty-five subjects entered the study: 15 patients (six male and nine female) who met Centers for Disease Control and Prevention (CDC) (1) criteria for CFS together with 10 healthy control subjects (three male and seven female) closely matched for age, weight, body mass index (BMI), and menstrual cycle. Patients with CFS were drawn from those referred to a tertiary referral outpatient center for CFS at King's College Hospital in London. Control subjects were recruited from volunteers and staff members in our institution.
Patients were interviewed using a semistructured interview for CFS and psychologic disorders (23) . Subjects with CFS with an axis I Diagnostic and Statistical Manual, Fourth Edition (DSM-IV) psychiatric disorder occurring after the time of CFS onset were not included in this study. Additionally, patients who also fulfilled criteria for fibromyalgia as defined by the American College of Rheumatology were excluded (24) . All participants had been through a thorough clinical evaluation, including a minimum of: full medical history, physical examination, and laboratory screening tests (full blood count, urea, electrolytes, liver function tests, erythrocyte sedimentation rate, and urinalysis, plus any other tests indicated by history and examination) to rule out an organic cause for their fatigue. At the time of the neuroendocrine assessment, subjects with CFS had been off all medications for at least 1 month; this was an inclusion criterion at the time of assessment, and no subjects were specifically withdrawn from medication for the study. All females were tested during the follicular phase of their menstrual cycle (days 1-7); none were using oral contraceptives or estrogen replacement therapy. None of the control subjects had a history of significant medical problems, CFS, DSM-IV psychiatric disorder, or was taking medications, as assessed by a psychiatrist on semistructured interview.
The study was approved by the local institutional ethics committees and both patients and control subjects gave their written, informed consent before participation.
Neuroendocrine Procedures
Subjects were admitted to the clinical research centre at 8 AM after an overnight fast from midnight. A cannula was inserted into a forearm vein and after a 2-hour adaptation period, blood samples were obtained every 15 minutes for a 24-hour period running from 10 AM to 10 AM. One milliliter of heparinized saline flash (Hepsal, heparin saline 10 U/mL) was administered after each sampling to keep the cannula patent during the monitoring period; the first 1.5 mL of each sample was discarded and 4 mL taken into EDTAtreated tubes. Samples were immediately spun in a refrigerated centrifuge, and the plasma immediately separated and frozen at Ϫ40°C until assayed. Assays took place in batches within 3 months of freezing, all specimens from the same subject being assayed at the same time. The total blood removed for each individual was approximately 400 mL.
Subjects received standardized meals during the study (lunch at 12 PM and dinner at 6 PM on day one; breakfast at 10 AM on day two) and spent the day relaxed and semirecumbent with normal bathroom privileges. During the night (11 PM until 7 AM), a small-bore extension line (183-cm arterial line tubing) was used to permit sampling from outside the subject's bed curtains.
Lights were off from 11 PM to 7 AM (complete darkness). The sleep/wake status of each subject was recorded every 15 minutes using an observational chart. Patients were all woken at 7 AM. Sleeping during the daytime period was discouraged. Subjects were all studied during wintertime hours, between October 1998 and April 1999.
Questionnaires
All subjects completed the Chalder Fatigue Scale (25) to assess mental and physical fatigue, the Medical Outcomes Survey Short Form-36 (SF-36) (26) and the Work and Social Adjustment Scale (27) to assess functional and social disability, the General Health Questionnaire (GHQ-12) (28) to assess psychiatric symptoms, and the Somatic Symptom Checklist of 40 items (29) to assess somatic symptoms.
Hormone Assays
Hormone concentrations were measured blind to subject status in the Department of Medicine, King's College Hospital. We assayed hourly samples from 10 AM to 10 PM and every 15 minutes from 10 PM to 10 AM.
ACTH was measured using an immunoradiometric assay from DSL (TX). The sensitivity of the assay was 0.8 pg/mL. The ACTH interassay coefficients of variance (CVs) were 9.6% at 35 pg/mL, 4.0% at 72 pg/mL, and 7.3% at 160 pg/mL. The intraassay CVs were 6.9% at 35 pg/mL, 5.9% at 71 pg/mL, and 5.3% at 152 pg/mL.
GH was estimated using the North East Thames radioimmunoassay (NETRIA) two-site immunoradiometric assay (IRMA) with a 125 I label. Sensitivity was 0.2 mU/L. The GH intraassay CVs were 2.7% at 0.8 mU/L, 2.4% at 4.5 mU/L, and 2.6% at 86.5 mU/L. The interassay CVs were 3.3% at 7.7 mU/L, 5.2% at 21.7 mU/L, and 5.5% at 45.8 mU/L.
Cortisol levels were obtained using the solid-phase radioimmunoassay (RIA) from DPC Coat-a-count, CA, USA. Sensitivity was 5.5 nmol/L. The cortisol intraassay CVs were 4.8% at 85 nmol/L, 4.7% at 273 nmol/L, and A. DI GIORGIO et al. 3 .0% at 551 nmol/L. The cortisol interassay CVs were 5.2% at 91 nmol/L, 4.0% at 579 nmol/L, and 6.4% at 993 nmol/L. PRL was measured using a solid-phase IRMA from NETRIA. Sensitivity was 10 mU/L. The prolactin intraassay CVs were 2.5% at 165 mU/L, 1.4% at 562 mU/L, and 2.6% at 1159 mU/L. The prolactin interassay CVs were 8.3% at 173 mU/L, 5.1% at 506 mU/L, 7.9% at 1103 mU/L.
Statistical Analyses
All analyses were undertaken using the Statistical Package for Social Sciences (SPSS) version 10.0. Exploratory analysis showed that ACTH, cortisol, and PRL values were normally distributed. Therefore, we compared patients with CFS and controls using parametric tests for these hormones. The GH values were not normally distributed; therefore, we applied a log transformation before analysis, setting the undetectable values at 0.1 mU/L, representing 50% of the lower level of detection of the assay. For clarity, we present the raw values for GH in the Results section.
We analyzed data in accordance with previous work that used a similar design (30) . When necessary, missing values were dealt with by linear interpolation. For outliers, data were visually inspected for each subject, and unexpected peaks were crosschecked against the data logs regarding any unexpected events such as recannulation. If there were explanatory events, these values were excluded; if there were no explanatory events, data were included as likely to represent part of the normal fluctuation in the HPA axis in response to day-to-day events. We undertook repeated-measures analyses of variance (ANOVA) for each hormone to assess hormone release across the entire period. To smooth curves and reduce the influence of sample timing relative to secretory burst, we used hormone levels averaged over 2-hour blocks in analyses. Additionally, we performed post hoc t tests looking for any difference in each of the 2-hour blocks to determine if there were any differences in hormone levels at a particular time of the day, as well as comparing mean values for the overnight period (10 AM to 6 AM) and the whole 24-hour period. Correlational analysis was performed using Pearson's product-moment correlation coefficients when relevant.
Finally, to determine the circadian rhythm parameters, we also undertook individual and population mean cosinor analysis using all cortisol and ACTH raw data. To keep the data interval uniform, we used hourly data for the full 24-hour circadian analysis and the 15-minute interval data for a hemicircadian analysis from 10 PM to 10 AM. We used TSA-Seriel Cosinor software (Expert Soft Technologie, Laboratoire d'Informatique BioMédicale, France) for analysis of biologic time series by least-squares estimation. Population mean cosinor analysis is based on the means of parameter estimates obtained from individuals in the study sample to derive the following parameters: 1) the goodness of fit of a cosinor curve fitted to the data; 2) midline estimate statistic of rhythm (MESOR), defined as the rhythm adjusted mean; 3) amplitude, defined as half the extent of rhythmic change in a cycle approximated by a fitted curve (difference between nadir and peak); and 4) acrophase, defined as the time of peak in the cosinor curve fitted to the data. The acrophase is expressed as a phase angle in degrees, so the formula (value in degrees/360°* 24 hours) can be used to establish the time of peak relative to the starting time.
RESULTS
Patients and control subjects did not differ significantly in age, weight, sex ratio, or BMI. Demographic and clinical details of all subjects are presented in Table 1 . Sleep charts taken at the time showed that no subjects were observed to have significant difficulties sleeping (defined as a more than 50% reduction in their normal time asleep).
Individual Hormone Levels Corticotrophin
The repeated-measures ANOVA showed significant main effects of group (F [1, 20] 
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of group); there was a diurnal fluctuation in ACTH levels (main effect of time); and the diurnal pattern was significantly different between patients with CFS and control subjects (group-by-time interaction). The ACTH values are shown in Figure 1 . Post hoc t tests showed significantly lower ACTH at 8 to 10 AM (mean difference ϭ 34.4 pg/mL, 95% CI: Ϫ65.8 to Ϫ3.0, p ϭ .03), but not at other time points (Table 2 ). In summary, there was evidence of an overall reduction in ACTH release in patients and an altered circadian pattern characterized by a reduction in the physiological morning peak ACTH release.
Cortisol
Patients and controls had similar cortisol levels (Fig. 2) . On ANOVA, there was a significant main effect of time (Hoteling's trace ϭ 13.79, F [11, 8] Table 2 ). The cortisol rhythm is shown in Figure  2 . In summary, there was a circadian change in cortisol levels but no difference in mean cortisol levels or in the cortisol rhythm between patients and control subjects.
Prolactin
There was no effect of group (F [1, 18] [11, 8] ϭ 0.65, p ϭ .74) on PRL values on the ANOVA. There were no significant differences in mean values at t test between subjects with CFS and control subjects ( Table 2 ). In summary, we did not detect a diurnal change in prolactin levels, and the levels were not different between patients and control subjects.
Growth Hormone
There was a significant effect of time on GH responses (Hoteling's trace ϭ 4.67, F [11, 10] ) were not significant. There were no differences in mean values between subjects with CFS and control subjects ( Table 2 ). In summary, there were no differences in GH levels, or in the diurnal pattern of release, between patients and control subjects.
Cosinor Analysis
Cortisol data from both patients (40%) and control subjects (46%) showed a significant fit to a cosinor curve over the 24-hour circadian period (Table 3) . These values represent a moderately good fit of the data and are similar to previous data in similar-sized groups of normal controls and patients with major depression (31) . The parameters of the fitted cortisol circadian rhythms are shown in Table 3 ; there were no differences evident between CFS and control subjects. Similarly, there was a significant fit of cosinor 24-hour circadian rhythms to the ACTH data for patients and control subjects (Table 3) . However, parameters of the fitted rhythms showed an earlier mean acrophase (circadian peak) in patients with CFS, with a phase advance of 38°(equivalent to 2.53 hours).
We were also able to fit a weaker but significant hemicircadian cosinor pattern to the ACTH data between 10 PM and 10 AM (Table 4 ). The hemicircadian pattern of nocturnal ACTH release showed reduced amplitude in patients with CFS, consistent with the earlier findings of a reduced morning surge.
We also looked for correlations between the acrophase time of ACTH and cortisol to see if there was evidence of a desynchronization of the two rhythms in CFS. However, there was not a significant correlation between ACTH and cortisol acrophase either in control subjects (r ϭ Ϫ0.27, p ϭ .46) or patients with CFS (r ϭ Ϫ0.15, p ϭ .60).
DISCUSSION
In this study, we undertook frequent blood sampling over the course of 24 hours to assess several pituitary and adrenal 
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hormones. The main findings from this study are that, in comparison to control subjects, patients with CFS showed reduced ACTH levels throughout the 24-hour monitoring period but no differences in cortisol, PRL, and GH. The rhythm of ACTH secretion was also altered, with a reduced morning secretory burst and a phase advance.
Hypothalamo-Pituitary-Adrenal Axis
There were clear differences in ACTH release seen in this study. First, the magnitude of ACTH release was significantly decreased throughout the 24-hour monitoring period in patients with CFS in comparison to control subjects. Second, there was evidence of a different pattern of ACTH release, and the most prominent change was of a blunting of the usual morning increase in ACTH release between 8 AM and 10 AM in patients with CFS. This latter finding mirrors to some extent the results of a recent study of 15 patients with CFS and 15 control subjects (32) that also measured ACTH across a 24-hour circadian cycle and found numerically (but not statistically) lower ACTH values in the early morning in CFS. A similar finding, of decreased rhythm amplitude of the ACTH peak in the early morning in CFS, was found in a further study (14, 17) . Little other data exist regarding serial ACTH plasma levels in CFS.
However, the significance of the low baseline ACTH in our CFS population is unclear, particularly as it is in the context of normal cortisol levels in this sample. In an interesting parallel, a recent study in psychotic depression found evidence for increased ACTH release across the circadian cycle, but also normal cortisol levels (33); thus, like in previous studies, the findings in severe depressive illness are in the opposite direction as that seen in CFS (34) . Of interest, the same study (33) also looked at nonpsychotic major depression in comparison to control subjects and found no significant change in mean cortisol or ACTH levels but a reduced cortisol amplitude. One explanation for the low ACTH but normal cortisol levels in CFS, hypothesized by Demitrack and colleagues (35) , is that blunted ACTH is in part the result of an impaired central nervous system drive inducing a reduction of hypothalamic output of corticotrophin-releasing hormone (CRH) and/or other secretagogues. This consequently leads to reduced ACTH levels and a compensatory upregulation of the adrenal cortex responsivity to ACTH, something previously found by some (36) but not others (37) (38) (39) .
Furthermore, indirect support for a reduction in the central drive to the HPA axis comes from Altemus et al. (40), who found a reduced ACTH response to arginine vasopressin (AVP) infusion in CFS. Because the ACTH response to AVP is critically dependent on central levels of CRH, this suggests that there is low ambient hypothalamic CRH tone in CFS. However, some authors argue that blunted ACTH response to AVP may be also the result of abnormalities in AVP release or receptors (41, 42) .
Another explanation of low ACTH levels could be of an impaired pituitary responsiveness to CRH. Three studies (36, 41, 43) have reported attenuated ACTH response in CFS, whereas two others (44, 45) demonstrated no difference in ACTH response between subjects with CFS and control subjects. However, significantly reduced release of ACTH has also been found in CFS with several other challenge tests, including naloxone, psychosocial stress, exercise, and hypoglycemia (21) . These reductions in ACTH responses are frequently accompanied by normal cortisol responses, a similar pattern as our unstimulated responses in this article. These results suggest that patients are capable of mounting a sufficient cortisol response under different types of stress, but that on a central level, subtle dysregulation of the HPA axis may exist. Scott et al. (43) suggested that an initial stress may cause an elevation in CRH with consequent downregulation of CRH receptors on the pituitary corticotrophs. They hypothesized that this downregulation in CFS fails to normalize after the alleviation of stress, or the subsequent reduction in CRH levels, and this represents an example of abnormal plasticity of the CRH receptor. Values are mean Ϯ standard deviation. 
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Nevertheless, our finding of normal serum cortisol levels throughout a 24-hour period runs against several previous studies finding a reduction in serial serum cortisol levels but is consistent with several studies that found normal cortisol levels (21) . Of note is that the only other study that took frequent cortisol blood samples over 24 hours also found no significant change in cortisol levels either (although the authors do report a numerically lower early-morning cortisol) (32) . In an attempt to understand the implications of this variation in findings from recent studies, we have argued that there is unlikely to be a single, uniform change to the HPA axis in CFS (21) . Instead, it is likely that there are several factors influencing the HPA axis in CFS such as inactivity, sleep disturbance, medication, depression, early life trauma, and ongoing stress, some of which may be consequences of illness (46) . It has also been suggested that hippocampal atrophy (47) , possibly in response to stress, and accelerated changes relating to aging (32) could also contribute to HPA axis change in CFS. Given the likely heterogeneous nature of CFS, it is also likely that the predominance of these different factors varies between the patient samples in different studies. This may explain, at least in part, some of the inconsistencies in results seen in the different studies. Nevertheless, a common theme to studies has been that of blunting of either the cortisol or ACTH release; the finding in the present study of consistently reduced ACTH release over a 24-hour period provides further evidence in support of this.
Other Pituitary Hormones
Our results do not suggest that there is generalized hypothalamo-pituitary dysfunction, because cortisol, PRL, and GH mean values were similar in both groups at almost every sampling point. Furthermore, we have failed to find support for the suggestion by Moorkens and colleagues that there is a deficient nocturnal GH release in CFS (22) . This is in keeping with our own data on a separate group of patients with CFS finding no alteration in GH function using several basal and dynamic measures (44) .
We have also found no alterations in PRL levels over 24 hours. This result differs from that of Racciatti and colleagues who found higher PRL levels in the early morning (4 AM) in patients with CFS compared with control subjects (17) . The pathophysiological significance of any alterations in prolactin release that may be present remains unclear.
Circadian Rhythm
Detailed examination over a full circadian cycle suggests that subjects with CFS have no disturbances in the regulation of circadian rhythmicity. In particular, the cortisol rhythm, which is the strongest indicator of the circadian pattern, was strikingly similar in subjects with CFS and healthy control subjects on all parameters. However, we were able to detect a significant phase advance in the ACTH rhythm in patients compared with control subjects, with an earlier acrophase in the modeled cosinor curve. The hemicircadian ACTH rhythm modeled on the overnight sampling (10 PM to 10 AM) found a 
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lower amplitude, consistent with the reduced ACTH output levels found on ANOVA. The significance of the phase advance in the ACTH rhythm is unclear (and it is not present on the hemicircadian analysis), but it is notable that the cortisol rhythm was not phase-shifted. Thus, on a group basis, there is a degree of desynchronization of the ACTH and cortisol rhythms in this group of patients with CFS. However, individually, we could not find correlations between the ACTH and cortisol phase in either control subjects or patients. Nevertheless, possible desynchronization in circadian rhythms is compatible with the previous study that found temperature and melatonin rhythms to be desynchronized (20) and may point to further evidence that this desynchronization is a factor in the maintenance of CFS symptoms. However, given the presence of altered patterns of sleep and activity in CFS, it is perhaps more likely that such desynchronization is at least partly secondary to these changes rather than a primary pathophysiological cause.
Limitations
The main limitation of the present study is the relatively restricted sample size of 15 patients with CFS and 10 control subjects. However, we attempted to obtain as homogeneous a sample as possible by using restricted entry criteria, testing only medication-free subjects and excluding those with comorbid DSM-IV psychiatric disorders. Furthermore, we obtained carefully collected data over 24 hours. We were not able to obtain concurrent results in these patients from other endocrine measures such as dynamic tests. Clearly, such methods would be needed to confirm or refute the hypotheses that impaired central drive could explain the blunted ACTH in our CFS population. Another limitation is that the study was carried out in an experimental setting rather than the subjects' natural surroundings. Thus, within our results may be the effect of a potentially stressful change of environment. We did not observe a large sleep disruption effect, but our assessment of this was crude (50% reduction in sleep) and smaller degrees of sleep disturbance may have been missed. There are also the possible stress-related effects of removing around 400 mL of blood. It is not known whether these potential stressors may differentially affect those with CFS and control subjects.
Like with many other studies of CFS, we cannot be sure that this sample recruited from a specialist setting generalizes to CFS seen in the community. It is notable that the SF-36 measures in the sample reveal a relatively low level of physical disability in comparison to many other samples and that the fatigue scores are somewhat lower than in other studies (although still considerably raised above normal).
Although we have hypothesized that physical fitness and deconditioning is one of the factors likely to be contributing to the HPA axis changes in CFS, we have not measured this directly in this study. Therefore, we cannot test explicitly the degree to which our observed differences in the HPA axis between patients and control subjects reflect physical deconditioning. Arguing against this, Crofford and colleagues specifically recruited control subjects who were sedentary for 2 months (32) and found similar results to us, suggesting that medium-term inactivity is an insufficient explanation for HPA axis changes in CFS.
CONCLUSION
In this group of patients with CFS, we found evidence of reduced ACTH levels and a blunted morning physiological rise in ACTH, together with an earlier acrophase in the circadian rhythm of ACTH. This provides further support for the suggestion that there is a subtle central dysfunction in the HPA axis in CFS. However, from this study, we cannot draw any conclusions about the clinical relevance of these findings, or whether these changes are a primary feature of the illness or occur secondarily to other consequences of long-term illness with CFS. 
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